There is a diverse range of microbiological challenges facing the food, healthcare and clinical 9 sectors. The increasing and pervasive resistance to broad-spectrum antibiotics and health 10 related concerns with many biocidal agents drives research for novel and complementary 11 antimicrobial approaches. Biofilms display increased mechanical and antimicrobial stability 12 and are the subject of extensive research. Cold plasmas (CP) have rapidly evolved as a 13 technology for microbial decontamination, wound healing and cancer treatment, owing to the 14 chemical and bio-active radicals generated known collectively as reactive oxygen (ROS) and 15 nitrogen species (RONS). This review outlines the basics of CP technology and discusses 16 interactions with a range of microbiological targets. Advances in mechanistic insights are 17 presented and applications to food and clinical issues are discussed. The possibility of tailoring 18 CP to control specific microbiological challenges is apparent. This review focuses on 19 microbiological issues in relation to food and health care associated human infections, the role 20 of CP in their elimination and the current status of plasma mechanisms of action.
Reactive nitrogen species can accumulate on the microbial surface and easily diffuse through 148 cell membranes, causing a decrease of intracellular pH. The intracellular pH plays a major role 149 in cell function and affects enzyme activity, reaction rates, protein stability and structure of 150 nucleic acids (Hertwig et al. 2015) . It has been demonstrated that using a contained ACP 151 system, which facilitates the post treatment retention of reactive species can enhance the anti-152 microbial efficacy for decontamination of fresh foods (Ziuzina et al. 2014) . Kim et al. (2013) 153 established that the distance between samples and plasma emitter as well as position of meat 154 samples during plasma exposure played a crucial role in inactivation efficiency of treatment 155 against S. Typhimurium. A distance of 20 mm using double sided treatments for 2.5 min of 156 chicken breasts had greater inactivation than a single-side treatment for 5 min with similar 157 patterns observed for pork loin. 158 The main advantages of low pressure CP generation approach are the possibility to avoid 159 arching (as a result of the use of lower voltage levels for generation of plasma), which may 160 damage fragile surfaces such as fresh produce surfaces and suitability for the treatment of pre-161 packed produce using a low pressure vacuum (Zhang et al. 2013) . In the decontamination of 162 shell eggs, Mok and Song (2013) used air generated low-pressure discharge plasma and 163 achieved a 6 log reduction of Salmonella Typhimurium after 5 min of treatment. In this study, 164 the working gas used for generation of plasma played a vital role in inactivation effects, with 165 the highest inactivation achieved using air following by oxygen and nitrogen. Importantly, the 166 bacterial reductions were achieved with no denaturation of either the egg white or yolk. In a 167 study conducted by Ragni et al. (2010) , inoculated shell eggs were treated in a plasma after-168 glow chamber generated using resistive barrier discharge. Reductions by up to 4.5 and 3.5 log 169 units were observed for S. Enteritidis and S. Typhimurium, respectively, using air with higher 170 moisture contents (65%) and treatment time of 90 min. This demonstrates the critical role of 171 humidity level for achieving effective microbiological control with CP. The enhanced effect of 172 increased relative humidity (RH) on the efficiency of inactivation was attributed to the presence 173 of oxygen reactive species (ROS) as detected in the discharge emission spectra. An increase in 174 OH radical irradiance in the emission spectrum using a humid atmosphere, which mainly 175 results from the direct dissociation of water molecules by electron impact and is a function of 176 the concentration of water vapour, was recorded. Although a considerable treatment time was 177 required to significantly reduce Salmonella populations on eggs, treatment using a plasma 178 after-glow chamber also provides gentle conditions during processing, thus minimizing 179 changes in egg quality traits (Ragni et al. 2010) . 180 In line with the demands of modern consumption, the control of pathogens on heat sensitive 181 fresh foods drives research in non-thermal approaches. CP research has focused on the 182 microbiological safety of fresh produce as they remain a major vehicle for transmission of food 183 borne diseases. CP has been investigated for control of Salmonella on lettuce, spinach, 184 tomatoes, apples and strawberries. Fernandez et al. (2013) , found that the inactivation rate of 185 S. Typhimurium was independent of growth phase or growth temperature and that 15 min of 186 ACP treatment was required to achieve 2.72 log reductions of viability of cells on lettuce using 187 a nitrogen plasma jet system. The authors reported an effect of produce surface with reduced 188 inactivation efficiency reported for strawberry and potato by comparison with lettuce.
189
Scanning electron microscopy (SEM) studies have revealed that different food surface 190 characteristics such as the convolutions of strawberry surfaces and the walls of the eukaryotic 191 cells of potato tissue, could obscure bacterial cells and create physical barriers that are mitigate 192 the efficacy of ACP inactivation, whereas smooth surfaces such as cherry tomatoes facilitated 193 rapid inactivation times (Fernandez et al. 2013; Ziuzina et al. 2014 treatments are applied as fresh food quality characteristics may be altered (Zhang et al. 2013) .
202
In 2013, in the EU, 6,043 confirmed cases of verocytotoxigenic E. coli (VTEC) infections 203 resulting in 13 deaths were reported (EFSA, 2015) . Enterohemorrhagic E. coli O157:H7 is 204 recognised as the most predominant serotype, causing severe illness in humans. Prieto-Calvo 205 et al. (2016) reported that strains of the serotype O157 were in general more resistant to food-206 related stresses, such as acid, alkaline, heat, high hydrostatic pressure, UV and ACP, than 207 strains of other serotypes when they had a functional RpoS (a global regulator of the general 208 stress response in Gram-negative bacteria such as VTEC). Applying a high voltage AC 209 atmospheric corona discharge system to milk reduced suspended E. coli by almost 4 log cycle 210 (54%) after 20 min of plasma application, regardless of the fat content of the milk and no viable 211 cells were detected after 6 weeks (Gurol et al. 2012) .
212
Klockow and Keener (2009), exposed whole spinach leaves inoculated with E. coli to 5 min of smoother substrate surface (tomatoes, followed by lettuce, were easier to disinfect than carrots). (2016) . In this work, E. coli inoculated on alfalfa, onion, radish and cress seeds was exposed 226 to argon plasma generated in an atmospheric pressure pulsed DBD system. While 10 min of dependent not only on plasma treatment conditions but also on the type of foods and their 267 inherent surface characteristics, which has to be always considered to achieve efficient 268 microbial inactivation with plasma systems.
269
The target cell characteristic is also an important factor to be considered for the achievement reported effective microbial reduction using helium/oxygen gas mixture for the three 293 pathogenic microorganisms inoculated on bacon. The initial counts (7-8 Log CFU/g) of E. coli, 294 L. monocytogenes, and S. Typhimurium were reduced to 4.80, 5.79, and 6.46 log CFU/g after 295 plasma treatment at 125W for 90 s. Again, increasing the input power and plasma treatment 
334
Although with different range of processing times required to achieve significant inactivation 335 of biofilms of foodborne pathogens, these studies demonstrated that CP could be an alternative 336 technology for effective decontamination of materials within food processing environment.
337
The major mechanisms for CP mediated biofilm inactivation reported to date are illustrated in Bayliss and co-workers described the restoration of antibiotic sensitivity in MRSA following 418 cold plasma exposure, and suggest the possibility of combined treatment with plasma exposure 419 and conventional antibiotics as a mechanism to reinstate sensitivity to and circumvent 420 antibiotic resistance (Bayliss et al. 2013) . Plasma exposure appears to lead to rapid disinfection 
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Control of quorum sensing-mediated virulence 428 Although the mechanism of action of plasmas vary according to the unique chemical 429 environment created by different types of plasma generation device, and whilst the precise 430 mechanism of action is still not completely understood in each case, a number of cellular targets 
